Summary
Background
The location and course of the inferior alveolar canal (IAC) is extremely important in any surgical approaches involving the posterior mandible [1, 2] . Therefore, the frequent anatomical variations of the inferior alveolar nerve (IAN) course should be considered prior to any treatment in this area [3] .
Studies which recorded the course of the mandibular canal are limited [4] . Olivier [5] found that the mandibular canal passes lingually to the roots of the second and third molars, adjacent to the roots of the first molar and lateral to the roots of the premolars. According to Worthington [6] study, there are 3 different configurations of the mandibular canal as follows: 1) a progressive curve rising from anterior to posterior; 2) a steep ascent from anterior to posterior and 3) a catenary-like canal.
Cone beam computed tomography (CBCT) used different planes for assessment of this anatomic structure that leads to a delicate detection of anatomic variations along the IAN course [3] .
The aim of this study was to evaluate the morphological course of the human mandibular canal in the CBCT images of the mandible.
Material and Methods
All the experimental procedures in this study were approved by the Ethics in Research Committee of the Shahid Sadoughi University of Medical Sciences, Yazd, Iran. Nine hundred and twenty patients were enrolled in this study between January 2013 and March 2014. They underwent CBCT scans for different dental purposes. Among them only 156 patients met the inclusion criteria.
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The inclusion criteria were considered as the presence of the first and second premolars and molars on both sides of the mandible, and the exclusion criteria as the presence of any pathology (radiolucency that might represent a cyst, tumor or periapical lesion), and fracture, supernumerary or impacted teeth in the region of interest (ROI) which obscure visualization of the mandibular canal.
All CBCT scans were taken with NewTom VGi Scanner (NewTom QR srl, Verona, Italy) in a standard resolution mode (110 kV, voxel size=0.3 mm and field of view ³6×6 cm). Considering the inclusion criteria, only the CBCT images which had acceptable quality and covered the whole length of the mandibular canal were included in this survey.
The CBCT images were evaluated by an experienced (8 years) oral and maxillofacial radiologist on a 27-inch flatpanel color active matrix TFT medical display (Nio Color 3 MP, Barco, Kortrijk, Belgium) under dim lighting conditions. The mandibular canal course was traced and highlighted in the panoramic reconstructed images. After producing the ray cast images in the sagittal plane, by the aid of NNT software tool (ver. 4, New Tom QR srl), the mandibular canal course was located and marked. Then, the pattern of the mandibular canal course was categorized according to the Worthington study ( Figure 1 ) [6] . The data were analyzed using SPSS software (SPSS version 15.0, SPSS, Chicago, IL, USA) and Chi-square test. The significance level was set at P£.05.
Results
Of 920 available CBCT scans, only 156 (69 male and 87 female) met the inclusion criteria. The age range of those patients was between 20- In order to find the frequency of mandibular canal type among different ages, the patients were divided into three age groups (20-29, 30-44 and 45-59) ( Table 2) . Chi-square test revealed that there was a statistically non-significant difference between the three age groups (P 0.32). Also, there was no relationship between gender and the pattern of IAN (P 0.092).
Discussion
The mandibular canal as a landmark can exhibit important anatomic variations. Inflammatory process, infectious disease and neoplastic, iatrogenic or idiopathic lesions are some causes of this diversity [7, 8] . All the dental procedures in the mandibular area such as IAN anesthetic block, tooth extraction, surgical treatment and even root canal therapy may be influenced by this anatomic structure [9, 10] .
In this study we applied the Worthington´s classification for categorization of the course of IAN. Based on the results of this study, the distribution of all the three different patterns (catenary, progressive descending and straight) was equal in the examined ethnic group, while the distribution of the patterns in Ozturk , s study were different. Ozturk et al. [4] evaluated the pattern of IAN using dry skulls of an eastern USA population and recorded the catenary-like pattern in almost one-half (51.1%) of the specimens, followed by the progressive descending (36.7%) and straight one (12.2%).
The dry skull method may have some drawbacks such as the presence of different hidden diseases, lack of relevant data such as age and gender or use of inconsistent and anatomically irrelevant landmarks [11] [12] [13] .
The position of IAN may differ by gender and age [4] . Kwon et al. [14] , in their survey evaluated the course of the IAN canal using CBCT. The course of the inferior alveolar canal was measured in relation to the determined points in the sagittal and coronal plane. According to the results of this study, the risk of nerve damage increases as bone is harvested from the anterior to the posterior mandible. Also, the course and position of IAN were not affected by gender.
This finding was in line with the result of our study. In our study the most and the least frequent canal pattern in the male group was recorded as catenary and progressive descending and in the female group as progressive descending and straight, respectively.
The anatomical position of the IAN canal appears to differ by age [4, 14] . In this study, we evaluated the IAN course in three age groups. Straight and progressive descending pattern were the most prevalent pattern in the 20-29 age group. In the 30-44 and 45-59 group the most prevalent category was recorded as straight and catenary, respectively.
There was not any statistically significant difference between the three age groups. Conventional radiography is unsatisfactory for the detection of delicate structures such as IAC [15] . CBCT with a low radiation dose and a higher resolution presented overall satisfactory visibility of the mandibular canal [16] [17] [18] . The frequency of mandibular canal detection on CBCT images is higher in comparison to panoramic radiographs [19] . Furthermore, the visibility of the mandibular canal on panoramic radiographs differed according to the course of IAC [20] . The percentage of clearly visible IAC in the spoon-shaped curves was the highest and the lowest in the linear curves.
Liu et al. [21] in a radiographic study classified the course of IAC as linear, spoon-shaped, elliptic-arc, and turning curve. Among the four determined types, type I (a steep ascent) had the smallest curvature, and type IV (turning curve) had the largest variation. Type III was the most common one and type II had the largest curvature.] In the spoon-shaped curves the percentage of clearly visible IACs was the highest and the lowest was observed in the linear curves. [20] The limitations of the applied panoramic images that were assessed in this study in comparison to the volumetric imaging with CBCT with higher levels of accuracy and the ability to visualize in 3D are some reasons for the different results to our study.
Conclusions
We found equal distribution of different courses of IAC in the study group. Various factors such as gender, age, ethnicity and the methods of examination of IAC could affect the obtained results. Therefore, further studies using CBCT with consideration of these interfering factors should be designed in a larger population.
Anatomic variations related to the position and course of IAC could influence different treatment modalities in the mandibular region. Awareness of these variations is of utmost importance in various surgical procedures involving the mandibular area with the probability of damage to IAC.
